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This article is the first in a three-part series on the topic
of medicine that is geared toward the individual patient.
Part 2 will explore key ethical, legal, and regulatory
issues facing the future of personalized medicine, and
Part 3 will cover the anticipated challenges in imple-
menting pharmacogenomics and genetic testing into
routine clinical practice.
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INTRODUCTION

Personalized medicine (PM) has the potential to tailor ther-
apy with the best response and highest safety margin to ensure
better patient care. By enabling each patient to receive earlier
diagnoses, risk assessments, and optimal treatments, PM
holds promise for improving health care while also lowering
costs.

For device and drug manufacturers, PM provides an
opportunity to develop agents that are targeted to patient groups
that do not respond to medications as intended and for whom
the traditional health systems have otherwise failed. The suc-
cessful practice of PM requires changes in practice patterns and
management strategies for health care practitioners as well as
for manufacturers in reimbursement, regulatory practices, and
knowledge sharing. New value assessments for PM products,
along with return-on-investment (ROI) models, will also be
required as these new strategies for pharmaceutical and diag-
nostic products emerge. All stakeholders will also need to
address barriers to implementation if we proceed down the
path of harnessing the ability to alter individualized diagnoses
and prognoses.

For hospitals, health care providers, and health plan spon-
sors, PM represents yet another challenge in uncertain times.
Innovation in provider and benefit management, along with
clarity in regulatory and legal constructs will be required, just
as new national health insurance reforms begin to emerge.
Allowing for earlier and more efficient decision-making will
require redesigning systems of care and payment just as we
are now addressing health care insurance reform in the U.S.

Dr. Vogenberg, a P&T editorial board member, is Principal at the
Institute for Integrated Healthcare in Sharon, Mass.; Executive Di-
rector of the Biologic Finance and Access Council at Jefferson School
of Population Health in Philadelphia, Pa.; and Adjunct Instructor
of Pharmacy Administration and Health Economics at the Uni-
versity of Rhode Island in Kingston. Dy. Barash is Founder and Prin-
cipal of Genetics, Ethics & Policy Consulting, Inc., in Boston, Mass.
My Pursel is employed at Teva Neuroscience in Kansas City, Mo.

Accepted for publication August 4, 201 0.

560 P&Ts « October 2010 © Vol. 35 No. 10

HISTORY AND LANDSCAPE

Over the past six decades, much evidence has emerged
indicating that a substantial portion of variability in drug
response is genetically determined, with age, nutrition, health
status, environmental exposure, epigenetic factors, and con-
current therapy playing important contributory roles. To
achieve individual drug therapy with a reasonably predictive
outcome, one must further account for different patterns of
drug response among geographically and ethnically distinct
populations.

These observations of highly variable drug response, which
began in the early 1950s, led to the birth of a new scientific
discipline arising from the confluence of genetics, biochem-
istry, and pharmacology known as pharmacogenetics. Ad-
vances in molecular medicine have spawned the newer field of
pharmacogenomics, which seeks to understand all of the mo-
lecular underpinnings of drug response. Commercialization of
this research application is now known as personalized medi-
cine (PM). Demonstrated success is emerging for several
conditions and treatments, but whether PM will achieve
widespread benefits for all remains as yet unrealized.

For the average patient, the benefits have not yet been
realized, but ultimately PM will affect the entire landscape of
our health care system. Since the mapping of the human
genome in 2003, the pace of discovery, product development,
and clinical adoption of what we know as PM has accelerated.

PM may be considered an extension of traditional ap-
proaches to understanding and treating disease but with
greater precision. A profile of a patient’s gene variations can
guide the selection of drugs or treatment protocols that mini-
mize harmful side effects or ensure more successful outcomes.
PM can also indicate an individual’s susceptibility to certain dis-
eases before they become manifest, allowing physicians and
patients to design a plan for monitoring and prevention. Physi-
cians can now go beyond the one-size-fits-all model of pre-
scribing to make more effective clinical decisions for each
patient.

PM offers a structural model for efficient health care; it is
preventive, coordinated, and proven. PM works best with a
network of electronic health records that link clinical and
molecular information to make it easier to help patients and
their physicians make appropriate treatment decisions. PM is
participatory, engaging patients in lifestyle choices and active
health maintenance to compensate for genetic susceptibilities.

Substantial progress has been made toward implementing
PM. When all of the pieces of infrastructure fall into place;
when we begin to classify and treat diseases not only by their
most obvious signs and symptoms but also by their molecular
profiles; when physicians combine their knowledge and
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judgment with a network of linked databases that help them
interpret and act upon a patients’ genomic information; when
insurance companies pay for tests and treatments that antici-
pate the needs of the patient as well as react to them; and when
regulators insist on using all information available to the physi-
cian, including genetic tests, to ensure the safety and efficacy
of an approved drug—then PM will be known, simply, as “med-
icine.”

Within five major categories affecting the evolution of PM,
the following examples illustrate areas of change that will
redefine clinical practice as we know it today:

e real-world demonstrations currently showing how PM
is:

o shifting emphasis in medicine from reaction to pre-
vention.

o enabling the selection of optimal therapy and reducing
trial-and-error prescribing.

o making the use of drugs safer by avoiding adverse
drug reactions.

o increasing patient compliance with treatment.

o reducing the time and cost of clinical trials.

o reviving drugs that failed early in clinical trials or on the
market, based on genomics advances that demonstrate
variations in receptors that may make the drug work
well for a select group within the general population.

o reducing the overall cost of health care.

¢ key technology advances, making PM possible and at a
faster pace of growth, including:

© new tools to decode the human genome more rapidly
and accurately using physically smaller yet more pow-
erful machines.

o large-scale studies and sample repositories that help
link genetic variations to disease across multiple coun-
tries and continents.

© health information technology (HIT) that fosters the
integration of research and clinical data, which is
already growing faster in the U.S. as a result of aggres-
sive government incentives for adoption.

e explorations of “personal genomics” and direct-to-
consumer genetic testing and how the field affects PM.

e information about ground-breaking policy, legislation,
and government initiatives in place and in development to
support PM, including the Genetic Information Non-
discrimination Act (GINA), passed in 2008, and proposed
changes to health plan reimbursement policies.

¢ real-world examples of hospitals, regional health care
systems, and educational institutions promoting clinical
adoption of PM through research, clinical practice, and
medical education reform.

PHARMACOGENOMICS AND GENE TESTING

Physicians have known for centuries that certain medicines
work better in certain patients, but they have not learned why
and surely have not been able to predict which drug will be safe
and effective for any particular patient. For instance, 10 peo-
ple who take the same medication for seizures, heart disease,
or cancer might respond very differently. One person might
have severe, even life-threatening side effects, whereas another

might experience few, if any, adverse effects and may seem to
sail through treatment; or an anticancer drug may shrink a
tumor in one person but not in another.

One major cause of this difference is that people inherit
variations in their genes, and even slight variations can affect
how the body responds to certain medications. Pharmaco-
genetics is the science that studies how genetic variations in
individuals affect their response to medications. Pharma-
cogenomics is the broader study of how genetic variations
affect drug development.

Generally speaking, pharmacogenetics and pharmaco-
genomics deal with the genetic basis underlying variable drug
responses in individual patients. The traditional pharmaco-
genetic approach relies on studying sequence variations in
candidate genes that are thought to affect drug response,
whereas pharmacogenomic studies encompass the sum of all
genes (i.e., the genome). Numerous genes may play a role in
drug response and toxicity, introducing a daunting level of com-
plexity into the search for candidate genes. However, most
currently available drugs are metabolized by the enzymes in
the cytochrome P450 (CYP 450) system. These enzymes, and
variations thereof, are responsible for individual variation in
absorption, distribution, metabolism and excretion of drugs.
Hence, just a minor variation, such as one nucleotide base
“misspelling,” can have clinically profound consequences. The
high speed and specificity associated with newly emerging
genomic technologies enable broader identification within the
entire genome.

These new technologies have essentially spawned a new
discipline—pharmacogenomics—that seeks to identify the
variant genes affecting the response to drugs in individual
patients and, in so doing, can identify disease susceptibility
genes representing potential new drug targets. All of this is be-
ginning to lead to novel approaches in drug discovery, an
individualized application of drug therapy, and new insights
into disease prevention.!

In drug therapy today, the approach is to treat large patient
populations as groups, irrespective of the potential for indi-
vidual, genetically based differences in drug response. In con-
trast, pharmacogenomics may help focus effective therapy on
smaller patient subpopulations that, although demonstrating
the same disease phenotype, are characterized by distinct
genetic profiles. Whether this approach will result in better,
cost-effective treatment is still unclear.!

Genes are segments of DNA that are found in all human
cells, and they can influence a person’s response to medica-
tions. DNA is essentially a key part of our interactive chemi-
cal operating system in the body, instructing the body how to
behave and interact on a cellular level. A basic gene can have
many different forms and chemical messengers. It is those
interactions that also affect drug activity in the body.

For instance, consider genetic variation in codeine metabo-
lism. Roughly 5% of the population do not catalyze codeine to
morphine; for that reason, codeine is ineffective because it pro-
vides no pain relief. Codeine converts to morphine using the
CYP 2D6 enzyme. However, genetic variation in this enzyme
can result in too little or too much enzymatic action, resulting
in non-conversion or too little absorption (hence no therapeu-
tic effect). For example, a patient may have a genetic variation
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that makes the drug stay in the body longer than normal,
causing serious adverse effects, or another person might have
avariation that makes the medication less potent. Researchers
and clinicians are trying to identify and then record as many
genetic variations as possible. When a variation is identified,
scientists might be able to match it up with a response to a par-
ticular medication and then develop a personalized approach
to medicine.?

Pharmacogenomics, for example, is demonstrating benefit
for a variety of conditions. One common example requiring the
use of various medications that have numerous toxic effects is
breast cancer. Today, oncologists can choose a medication,
such as trastuzumab (Herceptin, Genentech) based on stan-
dard drug therapy and dosing guidelines for that disease.
They can also consider such factors as a patient’s weight, age,
and medical history and the reactions of other blood relatives
to the same drug.

Despite all of that, no one knows how an individual will
react to a specific medication. A patient may experience terri-
ble side effects or none at all. The medication might put the
breast cancer into remission, or it might have no effect. Con-
sequently, an individual may have to return many times for a
dosage adjustment or to be switched to another drug. This is
how medication choices generally work today—it is often a
matter of trial and error—which, regrettably, can result in
side effects great enough to cause death, serious irreversible
conditions, and costly hospitalizations.

Pharmacogenomics offers the promise of speeding up this
process while optimizing outcomes. Before a breast cancer
patient takes a single dose of medication, for instance, a blood
test would be done to see which genetic variations are present.
The test may show a genetic variation that is likely to adversely
affect how that patient will respond. In such a case, the physi-
cian can skip that drug and prescribe a different one, or the
dose can be altered to match the patient’s genetic profile.?

To exploit these opportunities in genetic medicine, novel
technologies must be developed, legal and ethical questions
must be clarified, health care professionals must be educated,
and the public must be informed about the implications of ge-
netic testing in drug therapy and disease management.!

The field of pharmacogenomics is promising. In fact, a hand-
ful of tests are already commercially available that can detect
some of these genetic variations and predict how a person is
likely to respond to certain drugs, and many more are under
study. However, pharmacogenomics is not yet widely used; we
need to know more to determine just what pharmacogenomics
can offer.

Although current uses are limited, pharmacogenomics has
the potential to offer many benefits on a broader scale within
the next several years. Some of the most important benefits
include:

1. Better medication selection. Each year, thousands of
Americans die from adverse reactions to medications, and
more than two million people are hospitalized. Although drugs
generally undergo rigorous reviews and testing processes be-
fore they are approved for sale, there is often no way to pre-
dict how a certain individual will react to a specific agent. Even
if a medication appears safe for most people, some patients may
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experience a toxic reaction because of variations in their genes.
Pharmacogenomics may be able to predict those who are
likely to have a bad reaction to a drug before they ever take it
and those who will be likely to respond successfully.

2. Safer dosing options. Following FDA approval and clin-
ical trial requirements, the dosage of a medication either is a
standard one-size-fits-all dose, or it is based on key factors
such as liver or kidney function, weight, and age. These
parameters might not be sufficient, however. A standard dose
may prove toxic to one person and not another because of a
genetic variation. Using pharmacogenomics, doctors can avoid
this problem by predicting the optimal dose to use, not just
which medication is right for an individual patient.

3. Improvements in drug development. Pharmaceutical
companies must often spend years conducting research on and
clinical trials of a new drug before it goes to market. Diagnostic
and device firms, along with pharmaceutical companies, typi-
cally have to test a product in many people to ensure that it is
safe and effective. Pharmacogenomics may help these com-
panies focus their testing. As an example, if a company knows
ahead of time that someone has a genetic variation that will
cause an adverse reaction to a drug or that will make a drug
ineffective, those patients can be excluded from the clinical
trial. This may speed up the clinical trial process and target the
specific population that can be helped by any one medication.

WHAT IS THE PROMISE? PHARMACODIAGNOSTICS
AND THE MARKET IN 2011 AND BEYOND

Pharmacodiagnostics (theranostics) is considered the path-
way to what has been termed “personalized medicine”—the
use of molecular analysis to achieve optimal medical outcomes
in the management of disease or a patient’s predisposition to
disease. As such, PM promises to bring about a new standard
of health care, with the potential to accelerate clinical trials,
achieve better outcomes, and satisfy patients.

About 0.1% of the 3 billion bases of DNA differ from person
to person. These polymorphisms and the methods of using
them can assist with designing clinical trials and epidemio-
logical studies, and they serve as links to human disease and
drug response. A natural next step, from bench research to
clinical practice, is to move to PM and theranostics—the mar-
riage between diagnostics and therapeutics—commonly
referred to as companion diagnostics.

In recent years, our knowledge of the genome, proteome,
and metabolic pathways has increased exponentially, given
improvements in research techniques and the population of
databases. The field of theranostics thus allows health care
practitioners to use detailed information about a patient’s geno-
type and to monitor the individual’s therapeutic regimen and
assess the patient’s response to it. If there is a test to predict
adverse reactions or resistance to a drug or to target patient
selection for a clinical trial, the risk of clinical failure drops
tremendously. It would seem that developing a drug based on
genetic information might also shorten the time needed for this
process, which today takes about 12 years, according to many
industry sources, including the FDA.

More importantly, fewer dollars should be required from
research and development (R&D) to the clinic, then on to the

continued on page 565
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market. Various R&D manufacturing firms and clinical re-
search organizations, including the National Institutes of
Health (NIH), are exploring how theranostic applications can
be applied to simplify the drug-selection process for clinical
testing, to refine clinical testing, and to develop more focused
clinical trials that provide enhanced knowledge of a drug or
biologic medication in humans within shorter time frames. In
addition to the decreased time and expense needed to produce
new medications, more precise prescriptions, monitoring, and
management, thanks to PM, offer opportunities for reduced
costs throughout the health care system.

Given the continual rising costs of health care in the U.S.,
increasing patients’ out-of-pocket contributions for health care,
as well as the recognition of genetic variations and hetero-
geneity of disease, we should realize that these factors
inevitably necessitate individualized therapeutic decisions.
The number of serious adverse drug events reported to the
FDA more than doubled between 1998 and 2005. Periodically,
prescription drugs, including biologics, are pulled from the
market because of serious safety problems. Recent examples
include rofecoxib (Vioxx, Merck), valdecoxib (Bextra, Pfizer),
and natalizumab (Tysabri, Elan). These highlight the impor-
tance of public health safety and illustrate the need for
improved systems to better manage the risks associated with
use of all categories of regulated prescription drugs.

A handful of so-called theranostic products on the market
have already led to successful treatment outcomes for patients
with cancer and HIV infection. Still, the number of such com-
mercialized products today is low. Examples include:

e Dako’s Hercep genotyping test for trastuzumab.

e Myriad’s BRCA1/BRCAZ2 test to determine breast and
ovarian cancer risk.

¢ Roche’s AmpliChip CYP 450 Test, which predicts a
patient’s response to various therapies.

e Monogram’s Trofile Co-Receptor Tropism Assay for HIV
infection.

e Bayer’s Trugene genotyping HIV tests.

Other examples of theranostic products in development are:

e DNAPrint Genomics’ Statinome, designed to measure
the likelihood of developing myalgia as an adverse re-
sponse to the commonly prescribed statins such as ator-
vastatin (Lipitor, Pfizer) and simvastatin (Zocor, Merck).

¢ DermTech’s noninvasive skin test for melanoma.

Theranostics and PM have the potential to transform the
medical industry and the overall approach to health care. For
the first time in the history of the U.S., the largest proportion
of the population is older than 65 years of age. Clearly, wide-
spread adoption of theranostics has the potential to eliminate
unnecessary treatment that would be ineffective or even dan-
gerous, and the end result would be major drug cost savings
for patients and the entire health care industry.?

Although theranostics is not expected to be inexpensive, the
offsetting cost reductions in other areas of health care resource
utilization may be very significant in addition to the enhanced
therapeutic outcomes and patient satisfaction with the health

care system.

A 2008 OpEd article by Michael O. Leavitt, former Secretary
of the Department of Human Health and Services, and Raju
Kucherlapati, Professor of Genetics and Medicine at Harvard
Medical School, discussed common scenarios in asthma and
cancer diagnosis and treatment that relate to the evolution of
PM.*The writers used examples of PM in practice, but the term
personalized medicine reflects the growth of scientific under-
standing and medical tools that may help to custom-tailor care
at a new level. Such tools can match treatments to individual
genetic variations or may be able to differentiate between sub-
types of disease—and that can take more of the guesswork out
of medicine, making health care decisions more precise and
effective, often at lower cost, they argue.

The opportunity of PM stems from advances in molecular
biology, especially the explosion of new knowledge of the
human genome. The tools of PM can help direct the right
treatment to the right patient. The potential improvements in
health as well as savings in health costs are vast, according to
Leavitt and Kucherlapati.

Likewise, a new definition of disease by patients and physi-
cians alike needs to be more precise in order to improve health
care for the individual. With PM, they argue, we can improve
the current paradigm.* Over time, increased knowledge of ge-
netics and molecular biology should also enable detection of
disease before symptoms appear, making it possible to treat
earlier and perhaps event pre-empt the disease, they state.*

As a prelude to the health reform debates in 2009, the writ-
ers also pointed out that PM, as transformative as it promises
to be, cannot be implemented if it is going to result in a great
increase in health care costs. However, they claim that the prac-
tice of PM can be an important part of achieving higher value
in health care. They suggest that more accurate dosing, en-
abled by a relatively low-cost genetic test, might save as much
as S1 billion per year while delivering higher-quality care and
better health.*

WHEN WILL WE SEE PERSONALIZED MEDICINE
AT THE LOCAL PHARMACY?

Prescription benefit management (PBM) companies have
already implemented their plans to offer genetic testing as part
of the prescription-filling process. Pharmacogenomic testing
is being used commercially for some commonly prescribed
drugs such as tamoxifen (Nolvadex, AstraZeneca) for cancer
and warfarin (Coumadin, Bristol-Myers Squibb) to manage
blood coagulation.

In the current procedure, a PBM company contracts with
large drugstore networks. When prescriptions for some drugs
arrive, the company contacts the physician to state that a
genetic test is available, which may promote more appropriate
prescribing of that medication. The patient may then be offered
the genetic testing, but it wouldn’t be required. A physician
must still authorize the test, and in all likelihood a patient’s
decision will rest on whether or not the test is covered by
insurance.

Supporters of this application of pharmacogenomics say
that this procedure can improve patient safety, health out-
comes, and decrease overall health care costs so that the right
drugs will be given to the right patients. This strategy may also
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provide an opportunity to advance the field of pharmaco-
genomics by collecting data on genetic testing results and
drug effectiveness, including costs of therapy and avoiding
adverse events.

Others are concerned about the privacy of genetic testing
information and worry that the science of pharmacogenomics
is premature. (Privacy will be discussed in Part 2 of this series.)
Drug metabolism is based not only on our genetic makeup; it
is also affected by many factors, such as epigenetics, exposure,
body size, and age. In addition, because pharmacogenomics
is a relatively new science, insurance companies might or
might not pay for the cost of genetic testing.

KEY GAPS AND BARRIERS

The field of pharmacogenomics is still in its early stages.
Millions of genetic variations may exist, and identifying them
all could take many years—if it’s even possible. In addition, how
one person responds to a medication might not be determined
by only one gene but, instead, by many genes interacting with
each other. Combing through this complicated genetic map is
expensive and time-consuming.

Some types of PM, based on the science of pharmaco-
genomics, are in use today—but on a limited basis. A few tests
are available that can help predict likely responses or poor
reactions to certain medications. For example, let us consider
a woman with atrial fibrillation who receives the widely used
anticoagulant drug warfarin. A genetic test costing approxi-
mately $350 is performed to look for variations in two specific
genes that affect the body’s metabolism and response to the
drug. Combined with other factors, the test indicates a proper
dosage range for this patient. Thus, with a test that considers
the genetic profile, the patient avoids experiencing uncon-
trolled bleeding, life-threatening blood clots, or a risk of stroke
that can accompany the use of this powerful drug.

Several other genetic tests are available:

1. CYP 450 genotyping test. A group of enzymes (known
as CYP 450), as indicated earlier, is responsible for metabo-
lizing more than 30 types of medications. The test can deter-
mine how quickly and effectively these agents are eliminated
from the body. Depending on an individual’s genetic makeup,
the body might not break down the medication fast enough,
instead allowing drug levels to accumulate, resulting in severe
side effects. Conversely, a patient might have a genetic varia-
tion that causes the body to break down the medications too
quickly before they have a chance to work. The CYP 450 test
can be used to determine dosing and effects of specific anti-
depressant medications, anticoagulants such as warfarin, pro-
ton pump inhibitors, and a number of other agents.

2. Thiopurine methyltransferase test. An enzyme called
thiopurine methyltransferase (TPMT) breaks down a chemo-
therapy drug called thiopurine, which is used to treat some
leukemias and autoimmune disorders. Some people have
genetic variations that prevent them from producing this
enzyme. As a result, thiopurine levels can build up in the body,
leading to severe toxic reactions. A blood test can be used to
check for this variation before treatment begins, resulting in
better dosing guidelines for clinicians.

3. UGT1A1 TA repeat genotype test. This test is used to
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detect a variation in a gene that affects the UGT1A1 enzyme.
This enzyme determines how the body breaks down irino-
tecan (Camptosar, Pfizer), a chemotherapy drug for treating
colorectal cancer. In patients with a deficiency of this enzyme,
the medication can build up to toxic levels, possibly causing
suppression of the bone marrow, infection, and even death.
Doctors can test for this genetic variation before treatment
starts and then customize the dosage to prevent a toxic buildup
of the drug. Alternatively, if a patient has normal levels of the
UGT1A1 enzyme, the test may help to ensure that the dosage
of irinotecan won’t be lower than necessary.

4. Dihydropyrimidine dehydrogenase test. The med-
ication 5-fluorouracil (5-FU), along with its related compounds,
is one of the most commonly used chemotherapy agents.
Some people have a genetic variation that results in a decrease
in the dihydropyrimidine dehydrogenase enzyme, which is
responsible for breaking down 5-FU. As a result of this defi-
ciency, some people may experience severe or even fatal
reactions to 5-FU. Knowing ahead of time which patients have
this deficiency can help doctors tailor the dosage to prevent a
dangerous adverse reaction.

In the future, pharmacogenomics could have an expanding
role in the practice of medicine. Regardless of the promise of
PM, pharmacogenomic testing is not yet widely available and
it remains an uncertain science. Despite periodic news reports
and other sources of information proclaiming that pharmaco-
genomics or other types of PM can already offer revolutionary
results today, it is hoped that this will be the case in the future.

CONCLUSION

In this article, our first in this series on PM, we've explored
and reviewed concepts to better inform, educate, and provide
a sense of direction for health care decision-makers in the
near future. Understanding the history, definitions, and vari-
ous contemporary marketplace activities can assist in making
the necessary plans or decisions to incorporate PM in hospi-
tals, health plans, or health benefit strategies and coverage.

Unlike PM, conventional drug therapy typically considers
large patient populations to be relatively homogeneous (the
one-drug-fits-all approach). Only recently have genetically
based differences in response to a single-drug or multiple-
drug treatment been adopted and accepted. The 20th century
brought us a broad arsenal of therapies against all major
diseases of the time: infections, cardiovascular disease, cancer,
and mental disorders. However, although drug therapy con-
tinues to treat disease, it has often failed and has caused sub-
stantial adverse or unintended effects. Moreover, the world-
wide use of drugs in the 21st century has revealed substantial
and documented interindividual differences in therapeutic
response. Any given drug can be therapeutic in some individ-
uals but ineffective in others, and some individuals experi-
ence adverse drug effects whereas others are unaffected.

Diagnostic and drug research today seeks genomic and
molecular-level targeting of cells, tissues, and organs. Often,
distinct submolecular mechanisms underlie intended thera-
peutic and unintended adverse effects that may hold the
potential to optimize or, in some cases, revolutionize medical
therapeutics.
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PM also offers an opportunity to enhance the value of
currently approved drugs with limited market share because
of significant toxicity or limited efficacy, enabling prescribers
to identify patients for whom they can be both effective and
safe. Such recognition of interindividual differences in drug re-
sponse is an essential step toward optimizing therapy. Many
times we have already seen that the marriage of drug-related
diagnostics can provide better utilization parameters for new
products as well as improve safety profiles or efficacy of older
chemically based medications.

Overall, we can hope that PM will drive all stakeholders
toward earlier and more efficient decision-making on a wide
variety of medical care choices. Such decision-making and
subsequent utilization of health care resources, ideally, will
require redesigning systems of treatment and payment in the
U.S. and at a more rapid pace than has been seen to date.

Individualizing drug therapy raises a number of issues with
enormous practical consequences that will be explored further
in this series. The dynamic complexity of the human genome,
multigenic disease origins, and involvement of numerous
genes in drug response impede effective, routine clinical
application.

Many of the identified elements being evaluated for change
in the health care system have been visible or active at various
times over the previous 60 years. In this second decade of the
21st century, health care will be reframed and designed for at
least the next decade. PM provides a kinetic energy to foster
change in the health care system.
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